We conducted a study to determine whether dutasteride reduces the risk of incident prostate cancer, as detected on biopsy, among men who are at increased risk for the disease.
T he 5α-reductase inhibitors that are used to treat benign prostatic hyperplasia block the conversion of testosterone to dihydrotestosterone and may reduce the risk of prostate cancer. 1 The results of the Prostate Cancer Prevention Trial showed that finasteride, as compared with placebo, reduced the risk of prostate cancer by 25%, but among the tumors that were detected, there was a 27% increase in the number of those that had Gleason scores of 7 to 10. 2 (The Gleason score is the sum of the two most common histologic patterns or grades in a prostate tumor, each of which is graded on a scale of 1 to 5, with 5 being the most cytologically aggressive.) A subsequent analysis showed that the odds ratio for tumors with Gleason scores of 7 to 10 in the finasteride group decreased from 1.27 to 1.03 in a logistic model that included both baseline variables that are known to affect the risk of cancer and the post-baseline prostate volume. 3 Guidance on the use of 5α-reductase inhibitors to prevent prostate cancer has been published recently. 4 There are two isoforms of 5α-reductase, type 1 and type 2. Expression of type 1 in the prostate is enhanced during the development of prostate cancer, whereas the expression of type 2 is decreased or unchanged. 5, 6 Unlike finasteride, dutasteride inhibits both isoforms of 5α-reductase. 7 In this trial, we examined the effect of dutasteride on the incidence of prostate cancer detected on biopsy among men at increased risk for the disease.
Me thods

Study Conduct
Investigators at GlaxoSmithKline designed the study, in consultation with external consultants. The study protocol and analysis plan can be found in the Supplementary Appendix, available with the full text of this article at NEJM.org. The investigators at GlaxoSmithKline had access to the data when the data were unblinded, and all the authors had access to the data approximately 2 weeks thereafter. Investigators at GlaxoSmithKline and members of the steering committee and the independent data and safety monitoring committee monitored the study and collected and analyzed the data. The steering committee was responsible for overseeing the conduct of the trial; the independent data and safety monitoring committee was responsible for ensuring patient safety and had access to unblinded data.
The first draft was written by one of the academic authors. All the coauthors, along with a consultant who was paid by GlaxoSmithKline for his help, contributed to subsequent versions, and the coauthors made the decision to submit the manuscript for publication. The first author vouches for the accuracy and completeness of the data and analyses. All authors who were not affiliated with GlaxoSmithKline signed confidentiality agreements with GlaxoSmithKline regarding the data in this trial; these agreements have remained in force pending publication of the data.
Participants
The design of the Reduction by Dutasteride of Prostate Cancer Events (REDUCE) study has been described previously. 8 We enrolled men who were considered to be at high risk for prostate cancer, on the basis of their age, an elevated prostatespecific antigen (PSA) level, and a previous suspicion of prostate cancer that led to a prostate biopsy. Men were eligible for the study if they were 50 to 75 years of age; had a serum PSA level of 2.5 to 10.0 ng per milliliter, in the case of men 50 to 60 years of age, or 3.0 to 10.0 ng per milliliter, in the case of men older than 60 years of age; and had undergone a single prostate biopsy (6 to 12 cores) within 6 months before enrollment. Men were excluded if they had undergone more than one biopsy; had prostate cancer of any grade, high-grade intraepithelial neoplasia, atypical small acinar proliferation, a history of prostate cancer, or a prostate volume greater than 80 ml; had undergone previous prostate surgery; or had an International Prostate Symptom Score of 25 or higher, or 20 or higher in the case of men taking alpha-blockers. The International Prostate Symptom Score assesses symptoms related to benign prostatic hyperplasia on a scale of 0 to 35, with 0 to 7 indicating mild symptoms; 8 to 20, moderate symptoms; and 21 to 35, severe symptoms. The protocol was approved by the institutional review board at each research site, and all participants provided written informed consent.
Study Design
We conducted a 4-year, multicenter, randomized, double-blind, placebo-controlled, parallel-group study. After a 4-week placebo-based run-in period, eligible subjects were randomly assigned to re- ceive dutasteride at a dose of 0.5 mg daily or placebo; randomization was stratified according to center. Visits were scheduled every 6 months; the International Prostate Symptom Score and free and total serum PSA levels were measured at each visit. To maintain the blinded nature of the study, the PSA levels in the dutasteride-treated men were doubled, since dutasteride reduces PSA levels by a mean of about 50%, and then were randomly adjusted by 0.1 ng per milliliter so that the final reported values were equally even and odd. 8 Prostate volume was measured by ultrasonography at the time of randomization and 2 and 4 years later. Ten-core transrectal, ultrasound-guided biopsies were performed as part of the protocol at 2 and 4 years; biopsies were performed independently of the protocol when they were clinically indicated.
Assessment of Prostate Biopsies
Baseline biopsies had been performed before the start of the study (and independently of the study) and were reread centrally (Bostwick Laboratories) to confirm that the results were negative. Biopsies that were performed as part of the study were also read centrally. The central pathology laboratory had no access to the randomization codes. Biopsies that were performed independently of the study protocol were processed and read locally, and representative slides were read centrally. All positive biopsies were reviewed by the author affiliated with Bostwick Laboratories, who remained unaware of the treatment assignments; the diagnosis and Gleason score that he recorded were the ones that were used in the study. During the first 2 years, a randomly chosen set of 200 biopsies (100 showing cancer and 100 showing no cancer) were reread by an outside expert pathologist; a predefined rate of disagreement on cancer diagnosis of less than 3% was considered to be acceptable. There were two cases (1%) in which the outside pathologist disagreed with the recorded diagnosis of cancer.
End Points
The primary end point was prostate cancer detected on biopsy after 2 or 4 years of treatment.
A participant with prostate cancer detected on biopsy at 2 years was withdrawn from the study medication. Biopsies that were performed because of a clinical indication between months 19 and 24 and between months 43 and 48 were classified as per-protocol biopsies and replaced the protocol-mandated biopsies at years 2 and 4, respectively. Those that were performed between months 1 and 18 (360 biopsies) and between months 25 and 42 (450 biopsies) were classified as protocol-independent biopsies. Other end points related to the detection of prostate cancer on biopsy included the Gleason score, the tumor volume, the percent of the biopsy cores that were positive for prostate cancer, the percent of core involvement with cancer, and the presence of highgrade intraepithelial neoplasia or atypical small acinar proliferation (which are lesions that are associated with a higher incidence of cancer on repeat biopsy). End points related to benign prostatic hyperplasia included the International Prostate Symptom Score, the change in total prostate volume from baseline, and the proportions of men who received alpha-blocker therapy, had acute urinary retention, underwent surgery related to benign prostatic hyperplasia, or had a urinary tract infection.
Statistical Analysis
For the primary end point, two-sided P values of 0.01 or less were considered to indicate statistical significance in the assessment of the superiority of dutasteride over placebo. We estimated that with 8000 subjects, the study would have approximately 90% power to show a 20% reduction with dutasteride in the incidence of prostate cancer detected on biopsy (i.e., an estimated rate of 19.0% in the placebo group and 15.2% in the dutasteride group), at a two-sided alpha level of 0.01. The efficacy population included all randomly assigned subjects who had a baseline prostate biopsy that was considered to be negative on central review and who received at least one dose of the assigned study medication. The safety population included all subjects who underwent randomization. Calculation of three rates of prostate cancer was planned: a restricted crude rate, which included men who had at least one biopsy after baseline; a crude rate, which included all men in the efficacy population; and a modified crude rate, which included men who had a positive result on biopsy and men who underwent the biopsy at the end of the study. All three rates are reported for the primary end point; for other end points, the restricted crude rate is reported. The statistical
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Copyright © 2010 Massachusetts Medical Society. All rights reserved. effect of dutasteride on the risk of prostate cancer n engl j med 362;13 nejm.org april 1, 2010 1195 analysis of the primary end point was performed with the use of the Mantel-Cox test, stratified according to time period and predefined clusters of study sites. 9 The Mantel-Haenszel estimate of the relative risk of prostate cancer with dutasteride as compared with placebo for years 1 through 4 was calculated on the basis of the results from years 1 and 2 and from years 3 and 4. For all end points, statistical analyses were performed for years 1 and 2 and for years 1 through 4.
Prespecified subgroup analyses of prostatecancer rates were performed according to baseline age (<65 or ≥65 years), body-mass index (grouped in thirds), self-reported race or ethnic group, family history of prostate cancer (negative or positive), International Prostate Symptom Score (<8 or ≥8), prostate volume (grouped in thirds), and PSA level (grouped in thirds). For each subgroup, analyses of the incidence of prostate cancer (with the use of the restricted crude rate) were planned, with relative risks and associated confidence intervals calculated for each subgroup with the use of Mantel-Haenszel estimates. P values for the frequencies of any biopsy (assessed in the efficacy population) and of adverse events (assessed in the safety population) were calculated with the use of Fisher's exact test. For the end points related to benign prostatic hyperplasia, log-rank tests of the time to the first episode of acute urinary retention, surgery related to be- nign prostatic hyperplasia, and urinary tract infection were performed. The survival end point was analyzed with the use of the log-rank test.
To determine the effect of covariates on the primary end point, logistic models were fitted to the data relating the incidence of prostate cancer detected on biopsy (all tumors and tumors with Gleason scores of 7 to 10) to baseline covariates, and to baseline covariates with the addition of post-baseline prostate volume at the time of biopsy (see the Supplementary Appendix).
R esult s
Participants Table 1 provides a summary of the baseline characteristics of the participants. Of the 8231 men who underwent randomization (safety population), 109 (1.3%) did not undergo a baseline biopsy, had a positive or suspicious result on the baseline biopsy, or did not receive the study medication ( Fig. 1 the men in the placebo group underwent at least one post-baseline study biopsy (P = 0.004); 96.9% of the biopsies were needle biopsies.
Primary End Point
Overall Population
During the 4 years of the study, 659 of the 3305 men in the dutasteride group (19.9%) and 858 of the 3424 men in the placebo group (25.1%) received a diagnosis of prostate cancer, representing an absolute risk reduction with dutasteride of 5.1 percentage points. For the restricted crude rate of prostate cancer detected on biopsy, dutasteride was associated with a relative risk reduction of 22.8% (95% confidence interval [CI], 15.2 to 29.8; P<0.001). The risk reduction in years 1 and 2 was similar to that in years 3 and 4 (22.4% and 23.7%, respectively) ( Fig. 2) . For the crude rate and the modified crude rate of prostate cancer detected on biopsy over the 4-year study period, the risk reductions were 23.3% (95% CI, 15.6 to 30.3) and 23.1% (95% CI, 15.5 to 30.0), respectively (P<0.001 for both comparisons). Of the protocol-independent biopsies, 16.6% in the dutasteride group and 16.7% in the placebo group showed tumors, of which 7.1% of the tumors in the dutasteride group and 5.6% of those in the placebo group had a Gleason score of 7 to 10.
Prespecified Subgroups
The risks of prostate cancer detected on biopsy were significantly lower with dutasteride across all prespecified major subgroups, including subgroups according to age (<65 or ≥65 years), family history of prostate cancer (negative or positive), baseline PSA in thirds (<4.9, 4.9 to <6.8, or ≥6.8 ng per milliliter), baseline prostate volume in thirds (<36.6, 36.6 to <51.8, or ≥51.8 ml), baseline International Prostate Symptom Score (<8 or ≥8), and body-mass index (the weight in kilograms divided by the square of the height in meters) in thirds (<25.5, 25.5 to <28.4, or ≥28.4) ( Table 2) .
Pathological End Points
Gleason Scores Table 3 shows the numbers and proportions of men with prostate cancer according to Gleason score, treatment period, and study group. Over the 4 years of the study, there were 437 tumors with Gleason scores of 5 to 6 in the dutasteride group and 617 in the placebo group (P<0.001), and such tumors accounted for 70% of the total number of cancers. The number of tumors with Gleason scores of 7 to 10 did not differ significantly between the dutasteride group and the placebo group (220 and 233, respectively; P = 0.81). There were 29 tumors with Gleason scores of 8 to 10 in the dutasteride group and 19 in the placebo group (P = 0.15). Although the numbers of tumors with Gleason scores of 8 to 10 were similar in the two groups during years 1 and 2 (17 and 18 in the dutasteride and placebo groups, respectively), during years 3 and 4, there were 12 tumors with Gleason scores of 8 to 10 in the dutasteride group, as compared with only 1 in the placebo group (P = 0.003).
Biopsy Results
Among the subjects with biopsy specimens that showed cancer, the two study groups were similar with respect to the mean number of positive cores (1.8 in the dutasteride group and 1.9 in the placebo group), percentage of cores with cancer (12.2% and 13.4%, respectively), and tumor volume (0.0022 ml and 0.0024 ml, respectively). These features were also similar between the two groups for tumors with Gleason scores of 7 to 10 (number of positive cores, 2.5 in both groups; Relative risk reduction, 22.4% (95% CI, 13.0-30. 8) P<0.001
Relative risk reduction, 23.7% (95% CI, 9.9-35.3) P<0.001
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High-Grade Intraepithelial Neoplasia and Atypical Small Acinar Proliferation
The men in the dutasteride group had lower rates of high-grade intraepithelial neoplasia (without atypical small acinar proliferation or prostate cancer) than did the men in the placebo group (3.7% vs. 6.0%; relative risk reduction with dutasteride, 39.2%; 95% CI, 24.2 to 51.1; P<0.001);
they also had lower rates of atypical small acinar proliferation (without prostate cancer and with or without high-grade intraepithelial neoplasia) than did the men in the placebo group (3.8% vs. 4.9%; relative risk reduction, 21.2%; 95% CI, 1.3 to 37.1; P = 0.04).
End Points Related to Benign Prostatic Hyperplasia
In the placebo group, the mean (±SE) prostate volume increased from 45.8±0.30 ml at baseline to 52.3±0.40 ml at year 2 (a mean increase of 13.0%) and to 56.2±0.44 ml at year 4 (a mean overall increase of 19.7%). In the dutasteride group, the mean prostate volume decreased from 45.7±0.28 ml at baseline to 38.6±0.31 ml at year 2 (a mean decrease of 17.4%) and to 39.0±0.32 ml at year 4 (a mean overall decrease of 17.5%). The difference in the prostate volume between the groups was significant at each time point (P<0.001). Dutasteride significantly reduced the risk of acute urinary retention, the need for surgery related to benign prostatic hyperplasia, and urinary tract infection (Fig. 3) . The men in the dutasteride group who had moderate or severe baseline symptoms of benign prostatic hyperplasia, as indicated by an International Prostate Symptom Score of 12 or higher, had a greater mean reduction in the score than did the men with similar symptoms in the placebo group (reduction of 3.9 points vs. 1.3 points), despite the fact that more men in the placebo group than in the dutasteride group were receiving an alphablocker (18.9% vs. 12.7%, P<0.001).
Overall Survival
A total of 70 men in the dutasteride group (1.7%) and 77 men in the placebo group (1.9%) died during the course of the study (P = 0.65). No deaths were attributed to prostate cancer (see the Supplementary Appendix). Table 4 provides a summary of adverse events, as reported by the investigators. The nature and frequency of common adverse events with dutasteride were similar to those reported in previous studies of dutasteride therapy for men with benign prostatic hyperplasia. A drug-related decrease in libido was reported by 3.3% of the men in the dutasteride group, as compared with 1.6% of the men in the placebo group (P<0.001), and a loss of libido was reported by 1.9% of the men in the dutasteride group, as compared with 1.3% of the men in the placebo group (P = 0.03). A drugrelated decrease in or loss of erectile function was reported in 9.0% of the men in the dutasteride group and in 5.7% of the men in the placebo group (P<0.001). There was an unexpected imbalance in a composite event termed "cardiac failure," which included conditions such as congestive heart failure, cardiac failure, acute cardiac failure, ventricular failure, cardiopulmonary failure, and congestive cardiomyopathy. Although there was no significant difference between the two groups in the overall incidence of cardiovascular events or deaths from cardiovascular events, there was a higher incidence of the composite event of cardiac failure in the dutasteride group than in the placebo group (0.7% [30 of 4105 men] vs. 0.4% [16 of 4126 men], P = 0.03; relative risk estimate, 1.91; 95% CI, 1.04 to 3.50).
Safety and Side Effects
Discussion
We found that the dual 5α-reductase inhibitor dutasteride reduced the incidence of prostate cancer detected on biopsy among men who had an increased risk of prostate cancer. This reduction in the incidence of prostate cancer was observed mainly among men who had tumors with Gleason scores of 5 to 6. It is likely that most tumors that were diagnosed during the trial were present at the time of randomization but had not been detected in the baseline biopsy, performed before the study. Modeling data from the Prostate Cancer Prevention Trial 10 and an analysis of prostate-biopsy specimens from men treated with dutasteride for 4 months before surgery 11 support the hypothesis that the major effect of dutasteride is the shrinkage of prostate tumors or inhibition of their growth.
During the first 2 years of the trial, there were 141 more tumors with a Gleason score of 5 to 7 in the placebo group than in the dutasteride group (558 among 3346 participants vs. 417 among 3239 participants); the number of tumors with a Gleason score of 8 to 10 was similar in the two groups (18 and 17, respectively). During years 3 and 4, however, only 1 tumor with a Gleason score of 8 to 10 was detected among the 2343 men in the placebo group, whereas 12 such cancers were found among the 2447 men in the dutasteride group (P = 0.003). We speculate that if the men in the placebo group who had the 141 excess tumors with a Gleason score of 5 to 7 detected during years 1 and 2 had remained in the study (i.e., if they had not been withdrawn as the trial required), a proportion of the cancers might have been upgraded on biopsy during years 3 and 4 to higher-grade tumors, thus narrowing the difference between the two groups in the number of tumors with a Gleason score of 8 to 10 in years 3 and 4. Supporting this speculation is a study involving 105 men who had prostate tumors with Gleason scores of 7 or lower and who were being followed without treatment ("active surveillance"); a repeat biopsy after a median follow-up period of 22 months showed that in 8 of the men (7.6%) the tumor was upgraded to a Gleason 
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Please check carefully. The P values are for the comparison of dutasteride with placebo, with the use of the log-rank test. The numbers in the bars are numbers of men. score of 8 to 10. 12 An alternative explanation, which is also consistent with our data, is that the difference in the number of cancers with a Gleason score of 8 to 10 was due in part to dutasteride therapy. The detection of prostate cancer in a biopsy specimen is a function of tumor volume, prostate volume, and the number of cores in the sample. 10 Serfling et al. predicted an 11 to 17% increase in biopsy-detected cancer among men treated with dutasteride, as compared with men receiving placebo, assuming that dutasteride did not reduce tumor volume and reduced prostate volume by 25%. 10 In our study, the between-group difference in the mean percent change from baseline in prostate volume was 30.4±0.79% at year 2 and 37.1±0.93% at year 4 (P<0.001). The reduction in prostate volume with dutasteride, along with the increase in prostate volume with placebo, could have caused an increase in the number of biopsydetected prostate cancers among men in the dutasteride group, but the actual result was a 23% relative reduction in prostate cancer, a finding that supports a mechanism of tumor shrinkage with dutasteride. Other biases may enhance the detection of prostate cancer among men who are being treated with 5α-reductase inhibitors, including an improvement in the sensitivity of PSA tests and of digital rectal examination. 13, 14 By requiring a baseline biopsy and biopsies after 2 and 4 years, the design of the REDUCE trial minimized the proportion of study participants who underwent protocol-independent biopsies (≤7%) and minimized biases that could have caused betweengroup differences in the rate of protocol-independent biopsies.
Biases could explain the relative risk of 1.27 (95% CI, 1.07 to 1.50) for tumors with Gleason scores of 7 to 10 in the finasteride group of the Prostate Cancer Prevention Trial, 2, 13, 14 and models that account for volume and PSA-driven biases have suggested that there may be reductions of 12 to 27% in the incidence of tumors with Gleason scores of 7 to 10 with finasteride. 2, [15] [16] [17] [18] In our trial, there was no significant increase in the dutasteride group, as compared with the placebo group, in the incidence of tumors with Gleason scores of 7 to 10 over the 4 years of the trial, both before and after adjustment for possible confounding variables (Table 3 , and the Supplementary Appendix).
In addition to a reduction in the risk of prostate cancer, the risk of the progression of benign prostatic hyperplasia was reduced with dutasteride. The risks of acute urinary retention and of benign prostatic hyperplasia requiring surgery were reduced with dutasteride therapy by 77.3% and 73.0%, respectively, and the risk of urinary tract infection was reduced by 40.7%. These effects should be balanced against adverse events related to sexual function that were observed in a minority of men receiving dutasteride, typically in the early months of therapy, with such events decreasing in the longer term. 19 There was also an increased incidence of cardiac failure in men treated with dutasteride. The rate of discontinuation of the study drug owing to drug-related adverse events was less than 5%.
In conclusion, among men at increased risk for prostate cancer and for benign prostatic hyperplasia, dutasteride reduced the risk of prostate cancers and precursor lesions and improved many outcomes related to benign prostatic hyperplasia. Dutasteride may be considered as a treatment option for men who are at increased risk for prostate cancer.
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